Previous reports (6) (7) (8) have shown that Corynebacterium sepedonicutin (Spieck) Dows produces a phytotoxic glycopeptide that is capable of inducing wilting in plant cuttings. The toxin has a molecular weight of 21,400, it is antigenic, it has a pI at pH 2.1, and residues of glucose and mannose make up the majority of its weight (6, 7). A peptide containing nine amino acids and residues of 2-keto-3-deoxygluconic acid also contributes to the structure of the toxin (7). The plasma membrane (8) wilting in an 8-cm tomato cutting (6). As a result of these findings, Strobel and Hess (8) suggested that the glycopeptide does not cause wilting by plugging plant stems and thus inhibiting water transport. Collectively, the information to date suggests that the toxic glycopeptide must possess an active site or sites. Support for such an hypothesis could only come if the toxin molecule were to be modified in such a way as to render it totally or partially inactive. In addition, a bioassay is necessary in order to quantitate objectively the effects of the modified toxin on a biological system. The purpose of this report is to provide evidence for the presence of an active site and to describe a bioassay system for evaluating the effect of the glycopeptide on plants.
The biological activity of the glycopeptide, as well as its chemically altered derivatives, was determined by an instrument designated as a wilt-o-meter that quantitatively measures the strength of plant cuttings. A description of this instrument, how it is used, and how it can be manufactured is also included in this report.
Previous reports (6) (7) (8) have shown that Corynebacterium sepedonicutin (Spieck) Dows produces a phytotoxic glycopeptide that is capable of inducing wilting in plant cuttings. The toxin has a molecular weight of 21,400, it is antigenic, it has a pI at pH 2.1, and residues of glucose and mannose make up the majority of its weight (6, 7) . A peptide containing nine amino acids and residues of 2-keto-3-deoxygluconic acid also contributes to the structure of the toxin (7) . The plasma membrane (8) and the outer chloroplast membrane of plant cuttings treated with the toxin show damage and rupture. The structure of mitochondria is also affected by the toxin. Treated cuttings show leaf wilt and loss of stem strength, presumably as a result of the action of the toxin on cellular membranes resulting in water and electrolyte loss (8 wilting in an 8-cm tomato cutting (6) . As a result of these findings, Strobel and Hess (8) The wilt-o-meter was constructed from a discarded stereo turntable, and the revolutions per minute were reduced from 17 1/8 to 4 by changing drive gear ratios. The recording needle apparatus consisted of a needle from a discarded voltmeter mounted on a steel shank and inserted in the record changer slot at the center of the turntable. Watch springs were attached to the needle apparatus, and the instrument was subsequently calibrated with a series of aluminum weights ranging from 100 to 500 mg. Calibration was done by attaching a small nylon thread to the tip of the needle and stringing it over a small glass rod held to a ring stand that was 20 cm from the needle and in a parallel position to it. An aluminum weight was placed in a preweighed holder tied to the end of the thread dangling over the glass rod, and the rod was tapped until the needle stabilized to a constant position. Dansylation. The NH2-terminal groups of the peptide moiety of the toxin were blocked by dansylation (7) . Two to 3 mg of toxin along with 25 mg of NaHCO3 were dissolved in 0.7 ml of H20, and the pH was adjusted to 8.2. To this solution 0.1 ml of a mixture containing 1 mg of dansyl chloride per ml acetone was added. The reaction mixture was left at room temperature overnight and subsequently dialyzed against successive changes of distilled H20 for 24 hr. This preparation was dried and stored in an evacuated desiccator over P205 .
Esterification. The carboxyl groups on the toxic glycopeptide were esterified by placing 20 mg of toxin into 10 ml of methanol and bubbling gaseous HCl through the mixture. The container, a serum bottle, was stoppered in such a way that the air escaped through a valve and was replaced with gaseous HCl. HCI was bubbled through this reaction mixture for 15 min (under the hood), after which the escape valve was closed and an additional small amount of HCl was bubbled into the container, creating a slight internal pressure on the system. The inlet was closed, and the sealed container was placed on a shaker at room temperature for 24 hr. The mixture was subsequently air-dried and chromatographed on a Sephadex G-200 column (7) . To be sure that methyl esters were formed on the toxin, the methylated toxin (250 ug) and the unaltered toxin (250 MAg) were subjected to paper electrophoresis in 0.1 M acetate buffer (pH 5) for 2 hr at 900 v according to the conditions previously described (7) . Alternation of the carboxyl groups was indicated by the fact that the methylated toxin did not migrate while the unaltered toxin migrated 3.0 cm. Furthermore, the infrared spectrum of the treated glycopeptide showed a distinct shift of the carbonyl stretching band from 6 jected to the thiobarbiturate test, which was positive, verifying the presence of an a-ketodeoxy acid (1) . The RF value of the substance was identical to that of authentic KDG (7) .
Pronase was obtained from Calbiochem. Dansyl chloride, dextran, and amyloglucosidase purchased from Sigma Chemical Co. Authentic 2-keto-3-deoxygluconic acid was prepared from the barium salt of 2-keto-3-deoxy-6-phosphogluconic acid kindly supplied by Dr. W. A. Wood, Department of Biochemistry, Michigan State University. All other chemicals were reagent grade.
RESULTS
Bioassay. Tomato seedlings were tested with varying concentrations of purified glycopeptide for varying times to determine the ideal conditions for a standard assay. Dextran (mol wt 20,000) at 5 mg/ml was also tested in this system as a control compound. Although dextran caused some wilting of the cotyledons, no weakening of stem tissue was noted. The most dramatic effects of the toxin on stem strength occurred when plants were placed in 5 mg/ml of the toxin solution for 1 hr. These conditions were established as the standard assay (Fig. 2) . A plot of stem strength taken at 30 min against toxin concentration showed a direct relationship (Fig. 3) . Nevertheless, the time of exposure of the plant cuttings to test material was set at 1 hr to eliminate any doubts about the effectiveness of a trial compound.
Modification of the Toxin. Dansylation of the N-terminal amino acids on the peptide moiety of the toxin did not affect the biological activity of the molecule (Table I) . When the glycopeptide was exhaustively methylated, converting the majority of the exposed -OH groups to methyl ethers and at the same Npermethylating the peptide amino acids, the biological activity of the toxin was not destroyed. However, the conversion of the carboxyl groups on the molecule to their respective methyl esters destroyed the capacity of the glycopeptide to affect tomato stems (Table I) . Since the peptide amino acids, glutamic and aspartic, have terminal carboxyl groups, they too were probably methylated in the esterification process.
The possibility that the acidic amino acids on the glycopeptide were serving as the active sites on the molecule was excluded when the pronase-digested toxin was tested for its activity. Table  I shows that the pronase-digested glycopeptide possesses the same capacity to affect tomato stems as does the unaltered toxin.
2-Keto-3-deoxygluconic acid is the chief organic acid constituent of the toxic glycopeptide and is undoubtedly the residue that is being esterified. This is evidenced by the change in the electrophoretic mobility of the treated glycopeptide and the shift in the carbonyl band in the infrared spectrum. Buffered solutions of KDG up to 5 mg/ml showed no biological activity in the tomato bioassay test.
An unsuccessful attempt was made to digest the glycopeptide with the amyloglucosidase of Aspergillus niger in order to obtain small fragments still possessing biological activity. This enzyme attacks a 1-6 and a 1-4 glucose linkages. Although no digestion occurred the experiment suggested that such linkages do not constitute the backbone of this compound.
Animal Membranes. Concentrations of the glycopeptide as high as 1.0 mg/ml did not decrease cell populations in any of the cell suspensions tested. Microscopic examination of the cultured cells at all of given time periods up to 72 hr showed no visible evidence of damage. (Fig. 3) . The test was effective in determining the biological activity of toxin derivatives.
The results presented in this report strongly suggest that the carboxyl groups on the toxic glycopeptide of C. sepedonicum are prerequisites for the biological activity (stem strength test) of this compound (Table I) . Apparently, however, the carboxyl groups in the peptide do not function in this capacity since removal of the peptide did not result in loss of biological activity (Table I) . About 6% of the weight of the toxin is 2-keto-3-deoxygluconic acid, and it is this residue that undoubtedly is being esterified in the toxin. This acid by itself is inactive in the bioassay test. Collectively, these facts support the hypothesis that one or more active sites are present on the toxic glycopeptide of C. sepedonicum. Presumably such a site or sites must be spacially arranged in the glycopeptide before it can be active. It is not too surprising that carboxyl groups are involved in the biological activity of this compound since a glycopeptide-_4C-plant component complex was previously demonstrated (8) . This complex could be dissociated to yield glycopeptide-'4C by lowering the pH to 1.5. Experiments with isolated plant cell membranes will be needed for further support of the membrane interference theory as a mode of action of this glycopeptide.
Interestingly enough, the glycopeptide did not appear to affect mammalian cells from various tissues. Likewise, 3 to 5 mg per animal of buffered solution of the toxin, injected either peritoneally or intravenously, had no effect on laboratory mice (unpublished results).
Attempts to recover a biologically active fragment from the glycopeptide by either acid digestion (6) or amylodextrinase digestion have proven fruitless. However, once the nature of the glucose and mannose linkages are known, experiments of this type may be possible. This may allow us to determine how many carboxyl groups are necessary before such a fragment can be biologically active.
